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Figure 1. X-29A No. 2 airplane. 





















Figure 4. X-29A lateral-directional control system. (Note: Highlighted blocks represent changes made for high AOA.) 




where S , is the cross spectrum of the input XPITCH with the tool if the comparison between the actual and simulation re 
xy , sponse can be made in real time, 

output YPITCH, S xx is the auto spectrum of the input, and S 



Fliqht 



Frequency, rad/sec 

Figure 5. Near real-time determination of longitudinal axis open-loop frequency response from flight data. 




interpret the results as unsatisfactory when, in fact, the system where S xu (s) is the cross spectrum of the input u and output x , 

is robust . 12 A method for relieving the excessive conservatism S uu (s) is the auto spectrum of the input, and N is the number of 



frequency domain using the FFT. The controller input-to-out- ship . 15 The MIMO analysis allows for simultaneous 

put transfer matrix, X u (5) is defined as follows independent variations, while the SISO analysis allows for 

single-loop variation. 
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Figure 7. Closed-loop pitch attitude tracking task. 
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Figure 9. Roll rate gyro power spectral density. 



throughout much of the high AOA envelope, but usually not as found to change the aerodynamics, while swivel probes proved 

dramatic as this example. The dial-a-gain concept proved a unable to be flight qualified for installation forward of engine 

valuable research tool used to test simple control law changes inlets on a single-engine airplane. Since an alternate location 

before the full FCS changes were made. could not be found, and the side probes were expected to have 




Time, sec 9 

Figure 10. Angle-of-attack redundancy management failure from flight 27 — time histories. 



was in no danger. Once the failure was known, the personnel in caused the simulation to diverge from the flight measurements 

the control room were able to examine the individual AOA before the maneuver was complete. Since the lateral- 

channels and discover that all vanes appeared to be functioning directional dynamics were of primary importance, the longitu- 



Longitudinal stick, 



Figure 1 1 . X-29 No. 2 flight/simulation comparison for large amplitude stick maneuver. Flight control software was the 
final high-AOA software. 



initial trim condition and then driven with the pilot stick and and control the unstable response. The second motion is typi- 

throttle inputs. The figure shows close agreement between the cally much larger than the initial motion and in most cases is 

flight data and simulation which allows a high confidence to be more demanding of the actuator rates especially at low dynamic 

placed on simulation analysis of the X-29 pitch rate capability. pressure where large control surface motion is required. This 



F-18 nose up 
X-29 nose up 
X-29 nose down 



Figure 1 2. X-29 nose up and nose down pitch rate capability using final high-AOA flight control software. 
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